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©sat hxmtt^nmm^mu 

[if*® 6 3 M&BK 2&L<H:4©tvfttfr-jg 
Sftl2nfeMfi»*^f «fc 9 tSS* nftfgiJW^fi i: 

[War«7 3 ssmesmwc^t, mm® 

( a ) ^©WSjk <fc 5-O<0i[>ST?iSiJS*tl*ff* 

( b ) ISSEBf HSf tfg^fr & HtJSH^Srt Off *S-fbt 

( c ) mimie^iHdjn * % t&Mmmwwx 

CAMS] »*«3lH«0«*(c*^T, MIHiiff 
( a ) iiOfillt «t 5-0©^F«3T*iB!lS * nS^f 
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( c ) mmmmm^mx % tJimvw^mMit 
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Si:LT3^lrr5-Stt**iiiil»^*%4tS¥® 

X W-tii t %> -Y if a -fe >y ^ fc , 



F7-5 4 2 



wmm 1 1 ] mm 4 gettostBfc^-r, s e 

[i*«12] ItSh 2, 3fcL<ti4«M,vfft 

/ wxsaitti u * ntc 1 5 -o ~ 2 o o m s oienoiE 

t 3] ffi&a 1 , 2, 3 L < tt 4 <DI,vf ft 

t, 

©W^fi^riafeS^ t^#^ftS^SSo 
[f»fl4] m&mi, 2, 3fclXti4iZM/^fft 

-i30Hz vmmvmmwT 1 - 1 zomm/wx* 

[MS 15] 11*91 K 2, 3feL<tt4<0^-fft 

t, mm/^frxvmmmi£^$~yic&i5>hm^'j>< t 



[tt**16] 2, 3tL<Ii4Wfti 



msmiri mm 1, 2, 3tu<ii4o^rti 

[0 0 0 1] 

[g3l±©*ijffl#»] *SHffli±-lKWte^liipiJili««0 
SBSUclffl U SKiillO b^;l/*H£*H3EpoM Life 
ft #!ft5fc£ ft § «#»c « KM*'***- K Slllflcff * 5 

eftti-f;/ fcJ:tf/fcL<ttBE2l 
»S£3ft, ^K?6*t±SHi#(c J: t)S?fiS* ft«frfe L 

[0 0 0 2] 

- 7 * 7 ©i£*;fc # 9 £*.S#Stt OfiT m <£ 
' ») fcL^^WMS^IEm t*ft5»-&tc^i;5o 

[0003] ?s^sas*tta6aij§«iaA¥T*e: t 

tSSIt*ftT^5. LA^LftA^, CftSOSMttmSB 

t 5 Tfe^i, mmmt t m-t sens© 

[0 0 0 4]i£#, JiiSMgi^-X^-A^fa^i 
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^L«§»iEi&« fc j; d mmm± t b < asm 

[0 0 0 53 -MiMfi^ofoL^ffl^^^^K^ll 
7 3 5, 2 0 5€(cB8**nT^S«t5fcs #*&flSfctii 

tfiHc <fc 0 >b^Wri LT!BMK^a!«KjfiiJK«»«ti* 
&3.<0 "7.97^ (stiffness)" stfltfcL 

[ooo6] usHjaiiJb^snfttfe^fce-r, c 
ttLTMmm^ft%&5-&mmmR[k^%<, an 

So 

[0 0 0 7] -ntfatMraFo-r yii-^>XA-XiJS 
^^feffi^a&tlT^So ■9-P0*BW«F^4, 6 7 
4,5 1 8^K«i«jai£**y7fg#fr5ft£ftJfcf3 

fcStsMi- § > tf-^>x a-x—^i/ffws* nx 

i , 'J =Jim L U£ 1 6 7 

4, 5 1 8*HcB«« *iTir>* J; -5 &2jx— r/i'fltcBfl 
US* i: r> TffilS* tife-fe LTff j&\ b < 

(itnt tf £T— y ycMfcHIWBIS 4, 686, 9 8 7 

t ie« * ti t i ^ (c sass tircw&tc * b s 



at l< a-iawta* ( @^Macfifc*c,^?.p£ffl* 

©fffi^SB^^^lIl^&ATtS^IK (rat 
e) *»ffl»*3S4'r$. CtfUdfcbT, «£Sltfi<» 

^©^fflitfW^ 4 , 7 7 3, 4 0 1 ^tC^^nTV^ 
ffi^gT'^P^B^lTdMO 7/4 9 0, 
3 9 25fcHw«ftT^SJ:$fc-f 

1#Wlg4, 5 6 2, 8 4 l^KBHa^ttT^S«J:5fcT 

[0 0 0 8] *JBBttCti6©^*i*^, &K& 

mmim^rfemzm feoT-sso Fa* 
[0009] Lfttfot, *mMv>±mimi$>bm. 

[0010] ^mo^o-ocom^mo^miii^ 
h <D>m?^* - * *mt t. b < 5 , «#o^ 

^ m 1 1 b-r, U5as, ?is t. b < tarn 

[0 0 12] *MliT?4is ffiAfeJ;rfAL<{W>ti 0 
-^'>X^^l bTiMtl KfKDjSJfi b < ti Jftffi 

tlS« ■9-D©#a«« : fll!4, 6 7 4, 5 1 8#t£lH«? 

ff^j*«SEft*ff«ta*»*. b< t±4ifijcD7;v=f u 
[0013] en ®.mvmmmmt lto&ji t 

b < ttgEgtOB^pgSEft*. dP/d tfeb<ii:dV/d 

t, (2) J6at*T*ssEbrc-@ffltafi<o4>aio5iSKfi£ 

icx^X^ yx, Em a x 
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(6) )^M^cDS*tbTO^>^O^S^^ 

fc«/h mm) iumm-mmm^m?mm, (?) 

10 0 14] 

w<ommmm-?nyi?w-em* ^mt-mmim io 
7n y ? 1 2 o t LTwtmmhmimm%:fem^-~~ K 

H4, 6 7 4, 5 1 Wm<D)mfflt%4. 6 8 
6 , 9 8 7%, -fc tf it n^©*B^SFm^ 07/4 

9 0, 39 zmcm^nrc"yxTi.tmu^^tt 

CoLT, ^tlSi«iaf^l2 20 
feJ;WJWB»lsIK2 0«xT^S„ ;uS£i*!t>L<{i 

s^istfifcotffijBsnSo set, a&s^ia, E«b 
[ooi6] ummmmmmz o as 1 ) aasa/w 

jft'J-Kttlll 2fr££«?;b«§£S{tU tg 

5LT»Bns^a-Y^bf-^^B#M, I±73*fHf 
Pi5C» fe L < «»kHi] P Q R S T t LTMtl 30 

o) ^snr^Btcjaiffl^nSo 

[0017] Wimmme o«^-£ta§»fc£im« 

J/0' A 7 D ' ' >'.' v- :V#-ff! <I v/ 4 ..,7, f7)v7 ? n 7a 

0 LT^ftSii 2 0 B naarenfcfli 

Sflb (0 2), &fc«JiE#H^fflBUIt4 9 0. 3 9 
2%feJ;tf*ll#ffM4, 6 7 4, 5 18%, £14, 6 

8 6, Bsmicm^titcismm^tt^mcx*) 40 
ass^tis, masse o^^iMWiciat-ss^ 

&S¥£LT^^P7^^^j;0fBli£tuS o 7 
U7 ; ;i20 tc^-T <fc -5 k7 iffiKFt— K^M^TS 
CO +™ #~ F^Ei^vY ^ny'o-ir-y ■tf-xtOllGif <£> 
A^MsMStlSo 

[0 0 18] — fi&Wle^P-y^ 1 3 OKyxir^—i/y 
?\ 1 4 0 Ic^tH-faMMWL. I 6 0KSffl/ 

7 vvmvz%¥%mM%kmm?%>cttfT¥, 50 
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to ^ ftt B-r s „ c ft tc a * $ 7 

y^-K©Sffl (^7^13 4), ft&Mft (7 
p-y^ 1 4 z*Atf 1 4 4) v fe«fcifrP^ M;gfit£ 
frLTffl3^Kfr£te^£ftStt8|J«i£ (7n^7 1 6 
2, 1 6 4, 1 6 6) tf^StlS, £-Zi$>bffiM s Pllk<0 

&m\?> g »a ae <t d & nt mm.m sc^gw 

[0 0 19] SlWglUK^^T, MSB*5£tf|i]g& 
1 O^MB^P^ffFf^, 6 7 4, 5 1 a-^iSAtf-y- 
D*©ttiFiB 4 , 6 8 6, 9 8 7 ^fcW^2ftfc-< 7 tf 

V^jBHRWtcW^ 1 2 fc>7v1" 1 a<D«Kr»&1»6tu 

n y - K*#fifiD*#t «t u flwiiaK 2 0 kssbis 

[0020] H2tfiHBfc*b*-^a^OW«H«FJB 
4, 6 8 6. 9 8 7 *fcHwStlT^5 «fc5fc, 
■f;I^-*t>-6 'J — F 1 4 ti^MrttcfflASns <t 5 1 

1, 1 2 J:lf — S*<DiS*P««i 1 3, 1 S^-lfiWKW 

^32 tc^-r^K cfc 0 mmmi T®. 2 0 ks«$ nr 

M 0 Ift3 4, 3 6}CJ:t)Eil)ffiSl 1 , 2 1I4M 
7p ^fe y ^ 2 0 1*1 (0 + V 7fSMS0S 3 8 fcl^iE^ n 
®i* 4 0. 4 2 t J; 0 Sfel .1. t&l 3. 15 a ^ « '9 
fl%7°a-fe7-y-2 0l*j©-fe>'77>'7 ,, 4 6lCj|l^tl 

So yj)\>$$s&-(3mmmmi$ / t st^y^ryfA 6 

*i8«U 5»U«ffitSlslK*^A,T?^5 (7n^^ 
60)„ 7u>y^4 8OHES/0%Iift^yt°-^>X 

( z v. t ) fcjt«ai- siisfmsM 7 o ±tc« 

-T§ 0 cdL-TliHHS (7p^7 6 0) ^tc^ttiS 
7d ^"v a e J: 0 jEilS ti * 7 y XAK fE o Tffiffl 

fc, /^I/Xjg^l 5 0W^hf©Hi*ll*7-f 

;i/ 1 4 rtc>«f* 4 4 tc «t 0 lO^^'SS 1 1 tcjgJS^ nr 
[0021] *BBj^Sf,ft*i»y-F 1 4«fi.t;n 
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9 

w&mi?zmE, mw&fi f ^vxv^— y- 1 7 

E*^BfPi&§ cp. v. t) iflten, ananas© 
iRsife ± tf s^iea t <t sis as!«t> u je*d 

bfc j; 5 b- f;w h^-^-rftb-se- f* 
-^matftts. ji^^sM^foT* 10 

SHWJBW* C-|3I&$KS) 
[0 0 2 2] ftfc, 4>g^y-F 1 4 l^jig^SjE* F 

7^«jt*nSo ftstwt£©cfcd& 
BE* h 5 y a— y-ttft*«(i:x 7 ^y^Lfc^ 'J n 

t^s, lan h 7 y x ! J =l -it fctesifc a t> be* eswf- 

wr**«tafflt©»K«flisnT^^ 0 U9K« 20 
[0023] i^ssrtffi^^tftwwass^ia^nh^^ 

WISH (02) ftTs fifa-f-fW^^W 
%£g§5 3 ##1*5 2%Mtb7^^a-^^ F 

If^MlajK 5 8 titfifilii 5 6 Sff €£§1t U 30 

XKPffixVWX (707^6 0) WJhr^wcigm 
[0 0 2 4] 03tD7P7 7lS£:#MbT-. iPIfvW 

x6 0rtT*Zv. tfiitfPv. tiSWMSft 
§c£*TO 0 ^HiHI^iTO (7P7 7 6 2) f£tt 
T^<CtlSco7n^Xt#rP^mo 7/4 9 0, 3 

9 2^ WD) m-e&<*mtim&4, 6 7 4, 51 40 

8§(tn)^4, 6 8 6, 9 8 7 (+tal9 
tfSFH, 7 7 3, 4 0 1f (fi"^f) tSK«*lt 
^5. tf— ^ • b 0 -7$tB|g 6 ^uuSm 

x^mKttmh7cmn-tfn^n^ 0 b-7 • b-7f£ 

(7*D77 7 2) AZv, t«4§*jto*4fc (713 
77 7 0), ?P7^7 4 K*i,vt&te3 0 CiiL,«£r>- 
a J lWSb!Mi£*lSo 7O7^8 0ic^T, b-7 - 
b~7$tHg§ (7*07 7 8 2) "\P v. tflretfiOAfc 
ftSfc, £vJfifc:<}:9£U£E*j£fc (AP) JcJtWLfc 50 
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§^707 7 8 41115^0 HRf-? (70 7^ 

6 6) feitfSVx-* (7P77 7 4) 
77fr6, 70777 6fc^r«t^tC^I«tfS7j (CO) 

75^L^OMgPMi£T^±J5: < >mm.W<D-~\mmm*$ 

[ 0 0 2 5 1 7 P 7 7 9 0 *J «fc If 9 2 <Dffl#Sg*5 <fc If b 
-^tttagligKli-O'lf-^X, b < lifiE* 

(89 4, 9 6, 98) ©«#jgJ^jEfc b < Ji£<Dtf 
-7»ctt#J bfdf^S4^o ZLtlZtyfflfeMim 
Mt> b < «?M«07J»tmf §0 

[0 0 2 6] tc0paPSTHiV-<7D7D^79- 

% 0 ®mvxwi ( 1 /o) mm (7n ^ioo)« 

HR (7D776 6) , S V (70 77 7 4K CO 
(7D7 7 7 6) , AP (7D77 8 4) , d Z/d t 
GR9 4K dV/dt (S9 6) feitfd P/d t 
GR9 8) W*Sfl R AMl06fcb<W:ROMl 

0 8«Lfd^'Jf^WX I 0 4"X$»T£rt\ *> 

b<&v^ 7 aTo-fey 9" l I 0T£££»f£ o K 

tU* (EF) tt-@«tH* (SV) 
(EDV) T'llbT^ffl^nSc -HiftU* (SW) 

«<d«&31k <t * ffi* jf«tt 7*7 7 T'^s * n § a 

©KHi«JB««a3J!«fifc»bT^P v F bte«AE^ 
-«ajfi*5B* BMKK04Eft« & 5 1 * tBt <: £ &T* ^> 

tit ± t) AftomaniB t it»T* ^wftiMiffi 

ft#!»g-!5H±W ( P R S W) 35 1) 7*0-7*** 
«W^!toTV^ W- ^j^ay 7 1(5): 
994-1009, ( 1 9 8 5)). »ffil£36£Ei:@« 

j±o 7*9 7 7 - M S:tc ii^* * 5 c t ^Mt- ^ <, 
[0027] ^fB"r^cfc?tc, ^©^a^s^itffi^n 

[0028] m^mm^m^LRou i osrti? 
nfe«^7;i/=f y Xh*m.ntz>rc#>(r>¥f ^7a 

A;V7%4|gl 5 O^SiSbfeOxl^ f-y@SS^EIj 
J-&^^0'JS^S&77?i^f l JfflT:^S (7U7 7 1 6 
0) o S5E?tifeafe5^©i^- v-y7lcj;f) (7 

07 7 1 3 0) , jSm^-F^ilf^jl (rate) 
MfflTJVuV X2±tfmMiZn (70 7 7 13 2) 
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5, 1 3 6, 1 3 7, 1 3 B^jUfflmZMforZZ? 

WrU*hVM!&<DWt£ (X'n-y? I 6 0) ttfflii^-Y 
^nXD-trv? 1 1 O^gfSt-^-v'X-rAl 6 2K: 
T^-feX^tfeD^U^-a^-y b 1 6 4%iei)^^ 
TESPtfBi*$*^- K =» ±5 Cfr 5 21 1 

[0029] WEbfcidK, v><oj&»©'*-->:/^ : e 

-K^JfflT?ff5o dtUCfci^— »^1 3 5, 10 
>y^l 3 6. 3 7tb<tt^aE 

^-y>?i 3 8*^**1*. *n&tt^r, as©4i 
5 Bf e ttmwx. & -< 5 > £ t> c © £ 5 

[0 0 3 0] Sft*»JBtt/<;V^«SSl 5 0*Z«^ 

5 ^ — — ti^HS ASW 0 S ft t - 7 cD^fflff 
W=aU4, 9 2 8, 6 8 8ffcii?tlTW?)« CO"*- 20 

7 7 3, 4 0 1 SKIfflSSSftTI/^o ^ ^^©#fF 
KttfMffl/W-*fcLTiR^-#- (llPfifCDQR S 

[0031] 'tm<n&m.m-<ye~#y7,<- i yy?v 

- KfcffiE LT^ffii^M^/ WX*iiS C 

13 5) tcJ;|5>L«©iR»HWtfi6StLSE:i:^ffl# 
150~200mS ©USB* £ o ?c%Xln>\M.V> 

m^-yyp'wxftmznzo 

[0 0 3 21 "^M^-^^y C^Dy* 1 3 6) Kli& 
SftU-FIISW^-^'J" Hi:i±S*a„ 40 
£ - > > ? H*iJ^J . i 0 jj ij T i 
*tT 5 2 fl© 'J - K-fe ^ > h fr&gT'S S„ S L < 
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[0033] me>**— v&rt—x hmmx%> 

% (7X3 y'j 1 3 7) o COSftfTftt— Ofeb<(4^» 

i o - 1 3 o h % ®n$mx! 1-12 £>fflm^ 

*Ht#I^4 ( 8 6 5, 0 3 6^KP^«ftTl^„ 
[0 0 3 41 ^ff-^-v-V^ C/ny£ 1 3 8) tffe-5 

mmommmmz-if-tEt s - wo c t 

[0 0 3 5] Vl'^D/D-t-yfl 1 OOROM1 0 8 
(?n-^ 1 4 0) „ 5 L -v^xX©*H^f i F|g4, 7 3 

5, 2 o 5^tfja^nT^5i5ic, Hiti-rsta^n 

T*^^ 0 Sfc. Tv*-«* ( CaLT^5±5fc CT. 
Thoracic C V Surgery 9 4:16 
3-7 4 ( 1 9 8 7)), ^AIM^II^OAI^O 

4) „ $fc, j-^mwm&Lx^z&oic n. Th 

oracle CV Surgery 94:694- 
7 0 1 ( 1 9 8 7)), AWK^/^u-^^^^iim 

TSdifcT-tSo fed— X^~-7"yX 
**«EaUT^*J;5(i: CL S u r g. Res A 

6. : 8 4-8 9 (1 9 8 9)), 

[0036] ^m%&cnzvffc ] ®Kmmt%rcisbic, 
m?%h?>%m<D£znrc>LM&m£®mim.to)m 

mttl ' ljb^8 : l^a^AI-^t^T-^S,, 
#m»f±JSI^SSl 10-128 Hz ©1-12 K^XtO 
/WX&5>Jfr£ft!3, fflffl/^FXPacDX^-v-y^g 

* §o 4 "O^Sa S^ffi® W/WC M ^fei^ttR]^ 
ttte<t tf S3i«9S*^!fi3i Lfc7°D ?7?7;l/ 

[0 0 3 7] afl3Bbft<t5K, gMfeb<^AX^O 

«fe t < ^ -^^srrs c: 4: t ± o , a 
^fiumrtfeL<wt#^ft#T^§) ^sucmut 

•o X fe, C <0 J: -5 ^M#tii*(ii71©flA^5M4C J: >Q 
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[0 0 3 8] 7 , U7^')x'f^)*WSi4, 56 
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[0043] wtmttK, mu 02*5^03©^ 
P7 #&%BM?%&mit£:xTi-vimi&%®m vz 



2, 8 4 l.^a2$2ftT^££5K, ffiA|£Sfr6© SS»T3*\ £ b< ;l^-&<fcmElSSs3i£g 4 8, 



©ISWJM, 5 6 2, 8 4 1 ^KE&Shfc&SHiSx [0 0 4 4] Sifffc^T, ESftt^T— r;l/S, «M 

-^';y^^M&L*^-^>^S^ffl^nTi^ 10 XFb7sTXFkL<Mffllg£**tM© 

SnTi/^o 1 0 0KHz©SISEi£fBffl©aR )fe«ti*fcx 8«&y-F*»ffiL**©Jiaictt9]fc 

i 6 2) feb<s^ ! J>^-^-7 F (7D'^i 6 &, «?ti*J6«<oiift*U'<;i/"e«ft«-«t6nft*s» 

[0 0 4 0 3 tul27*a ^ 4">i^©»ttk:ttf«««*#J- U^/KOilttfcltflJ LTiM*<K*«ft«»*(ct^ H 

aSJfiWS/^rAfcfSK^nTV^ (7u^ 1 6 2) „ &5 U^;l/©£gm=-X*fctiibfcl$fciBft*ft5 

*-#-f\ T^xTW^ms sasu^;i'©uj*%^n^A , r*caA , «asu^ 

m%m&mmfcMLTmfcmtmmt%cttf'(!%&o 30 §ctm« 0 o^j^clt, s^w-£©s 

X7°w teams mw&< mssnrcTi-u 9 mmi. < , aj^^ftos^MSMfc©^ 

ift»fe*s**i*. ra*#fc&tf*-#-K***j'^:x mmmcsi-©^'; 1 0 4 tsjs*nTt&*ft? n 

^y-x -?77s. ^+-vfSf©flfi©A**ffl^B»b s 0 cne.©T^7 3 o^7A^n^/^^-^w<:ij 

-Cfci^efcafflJSSo -r-fXywtiCRT, LCD& ESn*^^-*fcOJtlSWcaHWiS«4: ITH 

)164)„ D7*P-fe-y9-l 1 Ofc^tiSRAN^tU 1 0 6 KB: 

[0 0 4 1 3 ^IBSA^BS tJS^fc^X>;-©*H#liF S|gx-^^0#P^fcO^TMf1-§tl±i^ffioTV^ o 

fit 4. 5 2 9, 4 0 1f£i»fflM>?-7i^X EStfflSIiaftS'Xr A^iffl LTgff^P^l^tS t 

tSCt^T^^ll^XfAAfli^tlTt,^ 40 CH3, 1 6 2) x E»W«^t3 fcfe© h 

166), -?^^P7'o-t7fa^«^ UyKfljSA^ilJb^Wt-^^eBSSnao ^Ht 

7.T&\c%tiftxv%*<otmvT\s*YvximKfr xhK^^t&r £jB1©j£ 

»TS D 46©i|f^©/L«^7^-^IEffltA?.Slgx^y~Ft 

[0 0 4 2] £?S L< a, ffiJ|]-rS^raA^y7°5i7° LT->&7W^A£tl3o 

D *? F/fM©B*lia7°P 7 7' ■I'^tCfctS [0 0 4 5] El 4 &B 1 & itfS 3 Of a *y$\ 20fc 
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